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Abstract: Odor names refer usually to ‘‘source’’ object categories. For example, the smell of rose is
often described with its source category (flower). However, linguistic studies suggest that odors can
also be named with labels referring to categories of ‘‘practices’’. This is the case when rose odor is
described with a verbal label referring to its use in fragrance practices (‘‘body lotion,’’ cosmetic for
example). It remains unknown whether naming an odor by its practice category influences olfactory
neural responses differently than that observed when named with its source category. The aim of this
study was to investigate this question. To this end, functional MRI was used in a within-subjects
design comparing brain responses to four different odors (peach, chocolate, linden blossom, and rose)
under two conditions whereby smells were described either (1) with their source category label (food
and flower) or (2) with a practice category label (body lotion). Both types of labels induced activations
in secondary olfactory areas (orbitofrontal cortex), whereas only the source label condition induced
activation in the cingulate cortex and the insula. In summary, our findings offer a new look at olfactory
perception by indicating differential brain responses depending on whether odors are named accord-
ing to their source or practice category. Hum Brain Mapp 35:810–818, 2014. VC 2012 Wiley Periodicals, Inc.
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INTRODUCTION

The influence of language on perception has been
debated for many years. It can be viewed in two ways: (1)
Language is a powerful categorization tool and our mem-
ory representations largely depend on it: at the beginning
of the last century, the thesis of Sapir–Whorf proposed
that language determines perception [Marchellesi and
Grandin, 1974]; (2) Perception is determined not only by
language on a perceptual tabula rasa but also by both the
perceptual apparatus itself and discontinuities existing in
the perceived world [Berlin and Kay, 1969; Rosch-Heider,
1971]. These theories, transposed to the world of smells,
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raise the question of whether lexical knowledge about
odors shapes our olfactory percepts.

It has been shown that panelists give higher pleasant-
ness ratings for the odor of products presented with
their brand label than for the same odors presented with-
out [Moskowitz, 1979]. Likewise, pleasantness and also
intensity and familiarity judgments are enhanced when
participants are able to identify the odorant source
[Ayabe-Kanamura et al., 1998] or when the experimenter
provides a positive name for the odorant object [Distel
and Hudson, 2001]. When verbal information about an
odor is available, subjects shift their pleasantness judgment
in line with the affective connotation of the label [Herz,
2003]. Such top–down modulation has been found even in
children [Bensafi et al., 2007a; Rinck et al., 2011]. More-
over, Dalton [1999] showed that health-related claims also
influence valence: the same odorant presented as ‘‘harm-
ful,’’ ‘‘healthful,’’ or ‘‘neutral’’ will evoke more health
symptoms when presented as potentially dangerous. Thus
labeling odors with positive or negative words (i.e., emo-
tionally intense labels) will influence valence, emotional in-
tensity and pleasantness ratings as compared with neutral,
less emotional labels [Djordjevic et al., 2008]. Accordingly,
de Araujo et al. [2005] showed that the hedonic meaning
of the label (edible: e.g., ‘‘cheese’’; or not: e.g., ‘‘body
odor’’) assigned to an odor differentially affected the acti-
vation pattern in cingulate gyrus and orbitofrontal cortex
(OFC), two regions implicating in the assignment of value.

In summary, these observations suggest that odor labels
are prominent determinants of brain responses to smells.
However, other studies suggest that an odor can be named
with different verbal labels that may evoke different con-
texts [Howes, 1986]. Whereas odors are usually named by
their contextual source objects, Engen noted that ‘‘With
respect to subject generated odor names, it has been
observed that odors are customarily labeled in terms of
personal contextual reference and not by invariant source
names’’ [Dubois and Rouby, 1997]. One may cite for exam-
ple, ‘‘the smell of my grandmother’s cakes,’’ ‘‘the medicine
for coughs that my mother rubbed on my chest,’’ ‘‘my
daddy’s aftershave,’’ etc. Thus, although the process of
odor naming produces often categories of ‘‘source’’ objects,
categories of ‘‘events’’ or ‘‘practices’’ are also used [Dubois,
2000]. For example, the smell of eugenol is usually quali-
fied as cloves (source category) but can also be reminiscent
of a dentist’s office (practice category). In the same line,
whereas the smells of rose or even peach are often
described with their source categories (flower and food), a
verbal label referring to their use in fragrance practices (in
body lotion for example) can also be used. It remains
unknown whether olfactory neural response is dependent
on naming an odor by its practice category or its source
categories.

To investigate this question, we used functional mag-
netic resonance imaging (fMRI) in a within-subjects design
comparing brain responses to four different odors (choco-
late, peach, linden blossom, and rose) that could be

described either by their source category or a verbal label
referring to their use in fragrance practices. Particularly,
different odor perceptual qualities (food and flower) were
used in order to examine whether verbal labeling with
practice category or source category affects differently the
processing of food odors on the one hand and flower
odors on the other hand.

MATERIAL AND METHODS

Subjects

The subjects were 21 right-handed female volunteers
(mean age: 24.4 � 2.9 years). They received a moderate
financial reward for the time spent in the laboratory. The
recording procedure was explained in great detail to the
subjects, who provided written consent prior to participa-
tion. The study was conducted according to the Declara-
tion of Helsinki and was approved by the Ethics
Committee of the Technical University of Dresden Medical
Scool (EK number EK43022009). Detailed medical history
combined with ENT examination of the nasal cavity and
odor perception assessment by the ‘‘Sniffin’ Sticks’’ test
[Hummel et al., 1997] ascertained that subjects were in
good health and had a normal sense of smell.

Stimulus Delivery

Four olfactory stimuli were used (rose, linden blossom,
chocolate, and peach odors: Firmenich SA, Switzerland;
1% v/v diluted in propylene glycol), which are fragrances
similar to those used in body lotions. The Burghart OM6b
olfactometer delivered the olfactory stimuli in a quasi-rec-
tangular shape, with controlled stimulus onset. Mechanical
stimulation was avoided by embedding stimuli in a con-
stant flow of odorless, humidified air of controlled temper-
ature (80% relative humidity; total flow 6 L/min; 36�C)
[Kobal, 1981]. A thermally insulated TeflonTM cannula
directed the gaseous stimulus from the olfactometer to the
subject’s nose in the MRI room.

Experimental Procedure and fMRI

Experimental Paradigm

The study was performed on a 1.5 T MR-scanner (Mag-
netom Sonata; Siemens Medical, Erlangen, Germany). The
experiment, which lasted �60 min (from arrival to depar-
ture of the subject), comprised eight sessions: one for each
stimulus condition (chocolate, peach, linden blossom, and
rose), presented under either their source label (‘‘food"
and ‘‘flower’’) or a practice label (‘‘body lotion’’) (Fig. 1a).
To examine how the source and the practice labels used
applied and related to the used odors, a control study was
run on 10 participants (three males, mean age of 26 � 3.67
years) who were asked to smell the four odors. Smells
were presented without descriptors, but after each odor
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trial, participants were asked to evaluate how the source
labels (food, flower), the practice label (body lotion) and
two a priori unrelated labels (spice and medicine) applied
to the smell they just perceived. To this end, they were to
use a visual rating scale from 0 (not at all applicable) to 10
(extremely applicable). Results revealed that the source
label applied the best (mean � SEM: 6.41 � 0.28), followed
by the practice label (5.72 � 0.37), the ‘‘spice’’ label (2.67 �
0.25) and the ‘‘medicine’’ label (2.65 � 0.38). The statistical
analysis revealed an effect of labels (F[3,27] ¼ 31.200, P <
0.0001) reflecting that: (1) the source label was more applica-
ble than both ‘‘spice’’ (t(9) ¼ 9.472, P < 0.0001) and ‘‘medi-
cine’’ (t(9) ¼ 6.397, P < 0.0001) labels, (2) the practice label
was more applicable than both ‘‘spice’’ (t(9) ¼ 5.988, P <
0.0002) and ‘‘medicine’’ (t(9) ¼ 5.177, P < 0.0006) labels, (3)
the source vs. the practice labels (t(9) ¼ 1.530, P > 0.05) and
the ‘‘spice’’ label vs. the ‘‘medicine’’ label (t(9) ¼ 0.056, P >
0.05) did not significantly differ in their applicability. In
others words, both the source and the practice labels
applied more than the a priori unrelated labels.

For the main fMRI study, each participant went through
the eight sessions in random order. Each experimental ses-
sion in turn comprised six on/off-block subsessions, with
21-s blocks presented alternately in On (stimulus-on) and
Off (stimulus-off) conditions (Fig. 1b).

The fMRI data were collected in 96 volumes per session
using a 2D gradient echo–echo planar imaging (GE–EPI)
sequence with 36 axial slices (Imaging Matrix: 64 � 64; TR:
3 s; TE: 35 ms; FA: 90�; voxel size: 3 � 3 � 3.75 mm3). In
the 12 min immediately following the functional sessions,

a high-resolution T1-weighted sequence of the brain (3D
IR/GR sequence: TR ¼ 2180 ms/TE ¼ 3.93 ms) was
acquired for subsequent superimposition of functional
data and to exclude any incidental brain pathology.

Before each functional session, participants were ver-
bally given either the source label or the practice label of
the odor they were going to smell. After each session, par-
ticipants were asked to evaluate the stimuli in terms of
intensity (on a scale from 0 ¼ ‘‘not perceived’’ to 10 ¼
‘‘extremely intense’’) and of pleasantness (on a scale from
�5 ¼ ‘‘extremely unpleasant’’ to þ5 ¼ ‘‘extremely pleas-
ant’’ with 0 representing ‘‘neutral’’).

Data Analysis

fMRI data analysis used SPM8 software (Statistical Para-
metric Mapping; Wellcome Department of Cognitive Neu-
rology, London, UK, http://www.fil.ion.ucl.ac.uk/spm/
software/spm8/) implemented in Matlab 7 (MathWorks,
Natick, MA). After image preprocessing [Ashburner and
Friston, 2003], first-level statistical analysis was imple-
mented. At the individual level, brain activation induced
by each of the eight ON odor/label runs was analyzed by
comparing the activation pattern for each condition and
that obtained with their respective individual OFF nono-
dorized baseline. The resulting contrasts were then entered
into a group analysis using a random effects model [Penny
et al., 2003]. Activation coordinates were presented in MNI
space. We report results for brain regions known to be
involved in processing of food and non food odors and/or
modulated by verbal labeling. These regions include the
insula, OFC, anterior cingulate cortex, primary olfactory
cortex, and amygdala [Bensafi et al., 2012; Croy et al.,
2010; de Araujo et al., 2005; Seo et al., 2011; Small et al.,
2005]. Loci of activations were thus identified within this
brain network of interest delineated using an inclusive
mask created with the Pick-Atlas [Maldjian et al., 2003].

Control for Sniffing

Since sniffing is known to influence neural activity in
olfactory areas [Sobel et al., 1998], we examined in a con-
trol study whether sniffing could be influenced by odor
labeling. Fourteen subjects (five males, mean age of 27 �
4.27 years) were tested outside the scanner. The exact
same experimental design as the one used in the fMRI ses-
sion was applied with the same four olfactory stimuli
(rose, linden blossom, chocolate, and peach odors). As in
the fMRI study, each subject went through eight odor ses-
sions in random order (one session for each odor, pre-
sented under either their source or practice label). Each
session included six 21-s on/off-block subsessions. How-
ever, in addition to the nasal cannula that directed the gas-
eous stimulus from the olfactometer to the subject’s nose,
nasal sniffing was measured simultaneously. To this end,
an airflow sensor (AWM720, Honeywell, France)

Figure 1.

Experimental design and protocol. (a) The experimental design

included four olfactory stimuli (linden blossom, rose, peach, and

chocolate) presented under two label conditions (source or

practice). (b) Schematic representation of the experimental pro-

tocol used during the scanning sessions. [Color figure can be

viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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connected to a small nasal cannula positioned in each nos-
tril (Fig. 2a) was used. An example of a sniffing activity
during an on-period is illustrated in Figure 2b. The sniff-
ing signal was amplified and digitally recorded at 100 Hz
using LabVIEW softwareVR . Sniffs were preprocessed by
removing baseline offsets and aligned in time by setting
the point where the sniff entered the inspiratory phase as
time 0. Inspired volume and sniff duration were calculated
for each condition and each participant.

RESULTS

Psychophysics and Sniffing

To determine whether there were differences in
pleasantness and/or intensity between the experimental
conditions ANOVAs on pleasantness and intensity ratings
with label conditions (source label vs. practice label) as a
within-subjects factor were performed. The verbal condi-
tions did not influence stimulus pleasantness (F[1, 20] ¼

0.60, P > 0.05) (Fig. 3a) or intensity (F[1, 20] ¼ 0.58, P >
0.05) (Fig. 3b). Moreover, the sniffing control study
revealed no significant difference in sniff duration (F[1,14]
¼ 0.489, P > 0.05) (Fig. 2c) and sniff volume (F[1,14] ¼
0.996, P > 0.05) (Fig. 2d) between the source label condi-
tion and the practice label condition, indicating that verbal
labeling did not influence sniffing.

fMRI

The main aim of the experiment was to examine the
neural correlates of the effect verbal labeling on processing
of odors. To test how the type of verbal label (source or
practice) would influence neural responses to odors, brain
activations were analyzed by contrasting for all odors: (1)
the source label condition vs. its odorless baseline condi-
tion, and (2) the practice label condition vs. its odorless
baseline condition. The areas of significant activation were
identified for values exceeding an uncorrected P-value of
0.001 with a cluster criterion of 20 voxels in the

Figure 2.

Effect on verbal labeling on sniffing. (a) Odorant tubing and nasal

sniffing cannula used to record sniffing. (b) Typical sniffing trace

for a subject during an ON period. Sniff duration (c) and sniff vol-

ume (d) under the practice label condition and the source label

condition. Each circle corresponds to a subject. No significant dif-

ferences in sniff duration or sniff volume were observed between

the two conditions (P > 0.05). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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prespecified regions. MNI coordinates (x, y, z) of activated
brain areas and t-map values are presented in parentheses.

Whereas the source label condition induced activation in
the insular gyrus bordering the frontal operculum (�36,
�16, 20; t ¼ 4.50; �34, �8, 10; t ¼ 4.08; �32, �24, 14; t ¼
3.49; �40, 0, 2; t ¼ 4.23), in the anterior cingulate cortex
(12, 46, 8; t ¼ 4.30; 12, 48, 18; t ¼ 3.24; 0, 12, 28; t ¼ 4.36;
10, 24, 22; t ¼ 4.03; 0, 36, 16; t ¼ 4.30) and in the medial
OFC bordering the gyrus rectus (�4, 38, �8; t ¼ 5.22; 6,
34, �8; t ¼ 4.86; �4, 52, �2; t ¼ 4.63; 4, 28, �20; t ¼ 4.63;
�6, 36, �16; t ¼ 3.44) (Fig. 3c), the contrast between the
practice label condition and its odorless baseline induced
activation only in the medial orbitofrontal gyrus bordering

the gyrus rectus (�6, 46, �16; t ¼ 4.03; �2, 34, �6; t ¼
4.07; Fig. 3d). Furthermore, to examine the differential
effect of the source label, we contrasted the source label
condition with the practice label condition and considered
only areas of significant activation at cluster level for val-
ues exceeding a P-value of 0.001 (uncorrected, with a clus-
ter criterion of 15 voxels). In line with the above, induced
activation were observed in anterior cingulate cortex (�2,
36, 18; t ¼ 3.89; Fig. 4a–c). In turn, the opposite contrast
(practice label vs. source label) did not show any signifi-
cant activation.

When food odors were considered separately, the source
label condition revealed activation in the insular gyrus

Figure 3.

Perceptual ratings and brain activations during the source label

condition and the practice label condition. Odor pleasantness

(a) and intensity (b) ratings under the practice label condition

and the source label condition. Each circle corresponds to a

subject. No differences in pleasantness or intensity were

observed between the two conditions (P > 0.05). (c) Activation

patterns to the source label condition: brain activations were

observed in medial orbitofrontal gyrus (OFC), anterior cingulate

cortex (CIN), and insula (INS). (d) Activation patterns to the

practice label condition: brain activations were observed in

medial orbitofrontal gyrus.
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bordering the frontal operculum (�36, �16, 20; t ¼ 5.55;
�38, �22, 14; t ¼ 3.87; �46, �6, 0; t ¼ 3.82; �38, 8, 8; t ¼
3.41), the anterior cingulate cortex (2, 18, 26; t ¼ 4.72; 4, 38,
22; t ¼ 4.54;�2, 8, 30; t ¼ 3.97; 12, 34, 8; t ¼ 4.71; 16, 42, 6;
t ¼ 3.61; 2, 36, 8; t ¼ 3.30) and the medial OFC bordering
the gyrus rectus (4, 26, �20; t ¼ 4.05; 6, 34, �6; t ¼ 4.77;
�2, 48, �4; t ¼ 4.18; �4, 32, �6; t ¼ 3.99) (Fig. 5a). The
condition labeled practice showed activation only in the
medial OFC bordering the gyrus rectus (�6, 46, �16; t ¼
4.19; Fig. 5b). Finally, for flower odors, the source label
condition revealed activation in the medial OFC bordering
the gyrus rectus (4, 36, �16; t ¼ 4.40; �4, 40, �16; t ¼ 3.81;
�6, 48, �16; t ¼ 3.59; �4, 38, �8; t ¼ 4.18) and the anterior
cingulate cortex (12, 24, 24; t ¼ 4.37; 10, 26, 16; t ¼ 3.82;
16, 42, 12; t ¼ 4.02; 14, 48, 20; t ¼ 3.41) (Fig. 5c) and the
practice label condition did not show any significant
activation.

DISCUSSION

The main aim of the study was to explore the effect of
verbal odor labeling on fMRI substrates of odor percep-
tion. Interestingly, common neural activity patterns were
observed when odors were labeled with a source label or
with a practice label notably in the OFC (including the
gyrus rectus and the medial part of the orbitofrontal
gyrus). The involvement of the OFC in olfactory process-
ing has been shown by a large number of neuroimaging
studies. Orbitofrontal activity in response to odors is
modulated by cognitive experimental tasks [Zatorre et al.,
2000], reflects assignment of hedonic value [Anderson
et al., 2003; Bensafi et al., 2007b; Gottfried et al., 2002; Rolls
et al., 2003] and its modulation by verbal labeling has been
shown in odor processing [de Araujo et al., 2005]. Our
results confirm the involvement of this brain area in olfac-
tory perception, and they also emphasize the fact that
whereas the activity within this region is modulated by
the hedonic value of verbal labels used to described smells
[de Araujo et al., 2005], it is not sensitive to the quality or
meaning of the label (source vs. practice) used to
described olfactory stimuli.

Another aspect of this study is that neural activity in the
cingulate cortex and the insular gyrus were greater under
the source label condition compared to the practice label
condition, and such modulation was not sustained by
changes in odor intensity, or odor pleasantness. Sniffing
measurements collected in the control study outside of the
scanner did not reveal any significant differences between
the two label conditions, rendering unlikely that difference
in nasal breathing accounted for the neural activation
patterns observed here. Regarding the cingulate cortex, it
is usually activated in response to chemosensory stimuli
[Cerf-Ducastel and Murphy, 2006; Croy et al., 2010; Reske
et al., 2010; Sabri et al., 2005; Small et al., 2005]. An investi-
gation in humans proposed the cingulate cortex as a
multi-integrative structure in processing chemosensory
stimuli: for example, Small et al. showed increased activity
in this brain region when a tastant and an odorant were
concurrently perceived [Small et al., 2004]. In line with our
findings, de Araujo et al. showed that neural activation to
an odorant stimulus in cingulate cortex was modulated by
the concurrent presentation of a positive compared to a
negative verbal label [de Araujo et al., 2005]. Moreover,
prior studies of odor processing in humans showed that
reading olfaction-related words induced activation in the
anterior cingulate cortex [Gonzalez et al., 2006]. Combined
with the above, our findings highlight a role of this area in
binding olfactory representations of source objects and
their lexical representations.

With regard to the insula, the statistical analysis
revealed that this activation was more prominent for the
food odors. The insula is a central area in processing food
sensory stimuli including odors. Indeed, whereas the
insula is activated by gustatory stimuli, most of the neuro-
imaging studies in humans also report activations in this

Figure 4.

Activation pattern to the source label condition vs. the practice

label condition. (a) Brain activations were observed in anterior

cingulate cortex (CIN). Fitted (b) and raw (c) event related

responses in the functionally activated voxels in anterior cingu-

late gyrus for the source label condition (blue line) and the prac-

tice label condition (red line).
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brain region in response to olfactory stimulation [Cerf-
Ducastel and Murphy, 2001; de Araujo et al., 2003; Rolls
et al., 2003]. In addition, there is evidence that patients
with insular lesions exhibit also smell deficits [Stevenson
et al., 2008]. Another important function of the insula is its
involvement in multisensory integration and learning: one
functional study showed supra-additive response in the
insula to congruent (sweet vanilla) but not incongruent
(salty vanilla) odor-taste mixtures, suggesting that taste-
odor integration occurring in this brain area depends
upon learning and experience [Small et al., 2004]. Thus,
food odors have the ability to activate the insula and it is
through odor-taste learning mechanisms that the strength
between insular neurons that fire together is enhanced to
the extent that upon future sensation of the odor, the taste
cells that had been activated by the flavor stimulus may
come to be sensitive to the smell alone [Small, 2008]. It is
however important to note that an odor is never perceived
in isolation, but always in a particular context whereby
lexical cues play a prominent role [Bensafi et al., 2007a;
Distel and Hudson, 2001; Herz, 2003; Moskowitz, 1979].
When available, words may also be determinant in odor-
taste integration and our findings highlight an increased
insular response that may be related to such previous
association between an odor, a taste and verbal cues refer-
ring to the name of the source food. It is nevertheless note-
worthy that a complementary statistical analysis showed
that whereas food odors and flower odors did not differ in
hedonic valence (P > 0.05), they differed in perceived
intensity (P < 0.05). Thus, we cannot discard the possibil-
ity that the insula activation reflects intensity differences.

However, since food odors were perceived as less intense
than flower odors, one may expect that they would induce
less activity, which was not the case in this study.

In summary, the important new point being made in
our study is that the quality of the verbal inputs (source
or practice) is very important in influencing the activity of
secondary or tertiary brain areas activated by odors; some
of the findings, however, deserve discussion. First, con-
trasting different source labels with a single practice label
may render the comparison not fully balanced. The possi-
bility that this experimental choice may explain part of the
present observations cannot be discarded at this stage and
further work using equivalent number of labels in each
condition (source and practice) are needed to test this al-
ternative. Second, we see a difference in brain areas when
the same odor is presented with one of two labels but no
control of this is provided. One may therefore assume that
the effect is reflected by the label alone and not by the
odor. To address this concern, an analysis was run com-
paring all the OFF periods (that do not contain any olfac-
tory stimulus) from the source condition on the one hand
and the practice condition on the other hand. Whatever
the contrast (source vs. practice or practice vs. source), no
significant activation was seen suggesting that the effect of
label is observed only in the presence of olfactory stimuli.
Thirdly, it is not clear why no activation in primary olfac-
tory areas such as the piriform cortex (PC) were observed.
Actually, a notable feature of past and more recent neuroi-
maging studies in odor perception is the inconsistent acti-
vation of the PC in response to odors. This recurrent lack
of PC activation may be due to several factors such as the

Figure 5.

Brain activations during the source label condition and the prac-

tice label condition for both food odors and flower odors. (a)

Activation patterns to the source label condition for the food

odors: brain responses were seen in medial orbitofrontal gyrus

(OFC), anterior cingulate cortex (CIN) and insula (INS). (b)

medial orbitofrontal activation (OFC) in response to the prac-

tice label for the food odors. (c) medial orbitofrontal (OFC)

and cingulate cortex (CIN) activations in response to the source

label for the flower odors.
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sequences used in past fMRI studies that were often asso-
ciated with susceptibility artifacts (signal loss) at air–tissue
interfaces, olfactory habituation, respiration and the stimu-
lation route (orthonasal vs. retronasal) (see Bensafi [2012],
for a review). Although these experimental factors should
be considered, we do not think that they are involved in
the current observation. Indeed, PC activations were
observed in a recent study that used a very similar proto-
col to ours [Burke et al., 2012]. A more prominent factor
that may explain the lack of primary olfactory cortex activ-
ity is the putative top–down modulation of the label that
likely occurred when the participant smelled the odor.
Such top–down modulation of PC activity was already
observed in past neuroimaging studies. For example, Savic
et al. [2000] showed that, whereas a passive odor sensation
task was able to activate the PC, when participants were
engaged in a task requiring them to discriminate the qual-
ity of the odor percepts, no PC activation was seen. In
another study, Kareken et al. [2003] observed PC activa-
tion during a detection task, but not during an identifica-
tion task. In the same vein, Qureshy et al. [2000] found PC
activation during a passive smelling task but not during
an odor naming task.

In conclusion, by manipulating the verbal context, we
showed that recovery of neural olfactory representation
depends on the available lexical information. These find-
ings are in line with a large set of data suggesting that
contextual and verbal information present during odor
encoding is a prominent factor in the emergence of olfac-
tory representations [Ayabe-Kanamura et al., 1998; Bensafi
et al., 2007a; Bulsing et al., 2007, 2010; Dalton, 1999; de
Araujo et al., 2005; Distel and Hudson, 2001; Djordjevic
et al., 2008; Moskowitz, 1979; Poncelet et al., 2010a,b].
Odors are generally emitted by a food, flower, place, ani-
mal, perfume, cosmetic, or person, and it is of this context
that we are aware concurrently with the smell. Coding is
known to be holistic in the case of olfaction, closely de-
pendent on the exposure context, which conditions access
to memory traces and the ability to name and describe
[Schab, 1991]. ‘‘Context,’’ as far as olfaction is concerned,
comprises the stimulation situation, including the task or
instructions given to the subject [Bensafi et al., 2002, 2003;
Rouby et al., 2009; Zatorre et al., 2000], and this study
shows that verbal label categories (source or practice) are
powerful shapers of the neural response to odors.
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que.Paris:Larousse Université.
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